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1. Introduction 

Uranium was discovered 1789 in Berlin by Martin Heinrich Klaproth, pharmacist and 
chemist, in pitchblende of the "Georg Wagsfort" mine at Johanngeorgenstadt in the 
Saxon Ore Mts. Already 150 years ago, uranium was industrially used as a glass 
colouring pigment, with hues known as chameleon, chrysopras or Isabelle green (gold 
green) (Dorfel and Gelfort, 2002). 

The discovery of radioactivity by A.H. Becquerel on March 1, 1896 resulted from 
experiments with uranium. This element is also linked to the discovery of polonium and 
radium in pitchblende by P. and M. Curie in 1898, the induced fission of the isotope 
235U discovered in 1938 by O. Hahn and F. Strassmann, and the first man-made nuclear 
chain reaction, which was brought about in Chicago by E. Fermi on December 2, 1942 
(Peeks et al., 2002). 

Up to the year 2000, (East) Germany produced 213.380 metric tons of uranium 
(Meinrath et al., 2003). The uranium mines in the former GDR were concentrated in the 
Saxon Ore Mts. and the Saxon-Thuringian Vogtland. This very small region was the 
world's third greatest uranium producer after Canada (340.5231 U) and the USA 
(353.7961 U) (from the end of World War II to 2000) (Anonymous, 2003). 

Our investigations aimed at following up the scientific basis of uranium transfer from 
the soils of different geological origins and from the immediate vicinity of uranium 
waste dumps in the vegetation, in waters (drinking water, mineral water and medicinal 
water), vegetable and animal foodstuffs and beverages; the regional human uranium 
intake, excretion, apparent absorption and balance in Germany and Mexico. Another 
aim of the investigations was to draw conclusions from the rules of transfer of this 
element from the rocks and soils to plants, animals and man. 
2. Material and methods 

For the measurement of the various samples, 1 mL of hydrochloric (suprapur) ash 
solution was topped with bidistilled water to make 5 mL, and mixed with 1 mL of 
rhodium standard (200 µg Rh/L). In all, 238 uranium served as a measuring isotope. 
Uranium analysis was carried out with (ICP-MS) Elan 5000 and 6000 instruments 
(Perkin-Elmer). 
The measuring conditions have been described in detail by Seeber (1999). The detection 
limit of uranium analysis was 23 ng/L (Elan, 5000) and 15 ng/L (Elan, 6000). The 
suitability of the sample disintegration was tested by recovery tests in samples with a 
different matrix. The recovery rate was 94-109% (Seeber, 1999). 



The accuracy of the analysis was checked by means of several reference materials 
(NISTSR U 1575 Pine Needles; GBWO 7602 Bush Twigs; CTA-OTL-1 Tobacco Leaves; 
APS 1075 Trace Metals in Drinking Water). Deviations of 10% from the certified or 
informative uranium concentrations were registered. Repeat measurements were regularly 
carried out during the measuring period in order to guarantee the precision of the 
measuring procedure. The findings varied within a range of 10% around the average 
value. The relative standard deviation of the results amounts to 5.3%. 

The t-test, one-factorial and simple multi-factorial variance analysis, and the calculation 
of the least significant difference were used for the statistical evaluation of the results. Data 
preparation and statistical calculation were carried out with the programmer Fox Pro 
(version 2.6 for windows, Microsoft Ltd.) and SPSS/PC + (version 6.01 for windows, 
SPSS Inc.). 

The influence of the geological origin of the soil on the uranium contents of the 
vegetation was analyzed with the ubiquitously spread plant species  field red clover in buds 
(Trifolium pratense var. sativum L.), meadow red clover in blossom (Trifolium pratense 
var. spontaneum L.), rye in blossom (Secale cereale L.) and wheat in shooting (Triticum 
sativum L.). The samples were collected all over East Germany with the help of 
phenological maps (Anonym, 1953) and geological ordnance survey maps. The plants 
were generally collected when rye was in blossom. The geological origins of the sites were 
checked with pick-up stones. Ten samples each of the four indicator plants were analyzed 
per geological origin (Anke, 2004a). 

The effect of uranium exposure due to uranium mining and uranium processing was 
investigated in 14 species from the living area of Gauern and Wolfersdorf near Ronneburg 
in the immediate vicinity of the uranium waste dumps. The samples were collected in 
summer (Table 1). After collection, the samples were generally washed in bidistilled 
water. The 116 foodstuffs investigated were bought in the supermarkets of Berlin and the 
districts capitals of East Germany and analyzed in a form ready for consumption. The 
samples of drinking water were taken on 152 sites in Germany. Furthermore, 77 samples 
of mineral waters and six of medicinal waters were analyzed in threefold repetition. 

The influence of plant age on the uranium content of the flora was investigated in 
lucerne, wheat and rape on six different, marked sites of the upper Muschelkalk in 
Thuringia between May 4 and June 14 1995. In all, 12 test populations from Germany  
 
Table 1    Kind of samples, table numbers and quantity of samples analyzed 



 
and two from rural areas of Mexico were available for the duplicate studies of adults with 
mixed diets. They consisted of at least seven men and women and collected all consumed 
foodstuffs and beverages as visually estimated duplicates on seven successive days (Anke, 
2004a). The balance studies were carried out with women and men from Jena and 
Ronneburg in 1996 (Seeber, 1999). Table 1 informs about the kind of samples analyzed. 
3. Results 
3.1. The influence of the geological origins of the habitat on the uranium contents 
of the vegetation 

Uranium concentrations in the rocks vary between 0.003 - 0.0l0 mg/kg in ultramafic 
rocks, 2.5 - 6.0 mg/kg in granites and 0.79 - 11 mg/kg in soils worldwide (Kabata-
Pendias and Pendias, 2001). 

On average, granite weathering soils in Germany produce the significantly uranium-
richest vegetable forage and foods (Table 2). We assigned their average uranium 
content an index of 100 and related to it the uranium concentrations of the flora on the 
other sites. As uranium suppliers, the weathering soils of Rotliegende and Muschelkalk 
are second to granite ones by a wide margin, although the uranium contents in the flora 
growing on them did not differ from that growing on granite. Plants growing on the 
Triassic sediments of Buntsandstein and Keuper, on gneiss and particularly on diluvial 
sands- store significantly less uranium than those growing on granite, Rotliegende and 
Muschelkalk weathering soils. The geologically induced effects on the uranium 
concentration in the flora are so important that they deserve nutritive attention. Uranium 
is apparently taken up by plants in accordance with the offer in the soil. Our 
investigations confirmed that granite and its weathering soils, described as uranium-
rich, produced the uranium-richest vegetation. 
 
 
 
Table 2    Relative uranium contents in the flora varying with the geological origin of the 
soil (n = 440) 



 
 
The low uranium sorption capacity of diluvial sands may account for the modest 
uranium content in the vegetation growing on them. 
3.2. Uranium contents of drinking, mineral and medical waters 

The uranium content in drinking water is equally affected by the geological origin and 
anthropogenic uranium emissions (Fisenne, 1994). This is also true for tap water in 
Germany (Table 3). It was astonishing that, on average, the drinking water in the area of 
Ronneburg contained the same uranium concentrations as that in other Thuringian 
regions far away from the uranium mining area and without any connection to it. 

On the other hand, we found that tap water in Thuringia contained uranium nine times 
as much as that in Mecklenburg-Western Pomerania and eight times as much as that in 
Brandenburg. Thus, the diluvial formations of Northern Germany do not only produce 
uranium-poor foodstuffs but also uranium-poor drinking waters. On average, tap water 
in Saxony and Saxony-Anhalt was found to have twice and four times as much uranium, 
respectively, as that in Mecklenburg-Western Pomerania (Table 3). The comparison of 
the extreme uranium levels of drinking waters shows that the lowest uranium 
concentrations in East Germany only varied between 0.05 and 0.11 ng/L. The maximum 
values are regionally very different, varying between 0.94 and 8.6 µg/L. The variation 
in the uranium contents of tap waters in Germany is well in accordance with the 
variation worldwide (Seeber, 1999). Uranium concentrations in Germany were 
estimated the same as all over the world (Schnug et al., 2005; Konietzka et al., 2005). 
The uranium concentration in local tap waters can considerably affect the uranium 
intake via home made (tea, coffee) and locally produced beverages. 
 
Table 3    Uranium contents in tap water in the new (eastern) states of Germany  
(µg/L) (n = 152) 



 
a Number of samples. 
b Arithmetic mean. 
c Standard deviation. 
 
 

The range of uranium contents of bottled mineral waters is even much wider than 
those of tap waters, varying between 0.015 and 24.5 µg/L all over Germany. Examples 
are presented in Table 4. The highest uranium concentration of 24.5 µg/L was found in 
the Aiwa Bonalwa spring in the Black Forest. Six of 77 mineral waters contained less 
uranium than the detection limit, i.e. < 0.015 µg/L. It is striking that mineral waters 
from Thuringia, Hesse, North Rhine-Westphalia, Saxony and the southern part of 
Saxony-Anhalt contain > 5 µg U/L, whereas those mineral waters from the northern 
states of Mecklenburg-Western Pomerania, Schleswig-Holstein, Lower Saxony, 
Brandenburg, Berlin as well as those from Bavaria and Rhineland-Palatinate are usually 
uranium-poor (Seeber et al., 1997; Seeber, 1999). More than two-thirds of the mineral 
waters in Germany contained < 1 µg U/L in 1997 and thus proved to be particularly 
uranium-poor. The strikingly high uranium concentration of the Aiwa Bonalwa spring 
(24.5 µg/L) from the Black Forest is due to the natural uranium deposits in this region 
(Frindik and Fischer, 1984). The mineral waters from the Thuringian Forest also contain 
higher-than-average uranium levels (5.5 - 11.2 µg/L), obviously due to the known 
existence of minor uranium deposits in the Thuringian Forest (Meinel and Mädler, 
1995). The partially high uranium concentrations in mineral and ground waters were 
confirmed by Sparovek et al. (2001), Kim et al. (2004), Skwarzec et al. (2003), 
Anonymous (2004), Fedoseev et al. (2002). 

The chemical form of uranium ingested with the water did not influence its absorption 
in the body (Frelon et al., 2005). Although there are large uranium deposits in Saxony, 
the uranium content in Saxon mineral waters is surprisingly low: With the exception of 
Margonwasser (5.2 µg/L), mineral waters were found to have uranium concentrations of 
less than 1 µg/L. It should also be mentioned here that some mineral waters declared to 
be suitable for the preparation of baby food were found to contain very high uranium 
levels. This is hardly surprising, since only the limit values for sodium, nitrate, nitrite 
and fluoride are legally required to be shown on the bottle labels. 
3.3. The influence of anthropogenic uranium exposures on the uranium content of 
the flora 

The effects of uranium mining and uranium processing on the uranium content of 
several wild and cultivated plants, which serve as feeds for farm animals and as raw 
products for vegetable foods, were systematically investigated in the immediate vicinity 



of waste dumps near Ronneburg. The analyzed species and parts of plants grew on 
agriculturally productive land and in back gardens directly beside the uranium waste 
dumps. The former uranium mining regions in the Ore Mountains are hardly used as 
productive land or gardens but rather by forestry, or they lie fallow. Apart from water, 
they hardly deliver any uranium to the food chain of humans (Table 5). Meadow red 
clover and white clover from uranium-exposed areas near waste dumps were found to 
store, respectively, eight and five times as much uranium as control plants in Thuringia. 
Several raw materials for foodstuffs such as rape seed and wheat grains accumulated 
three times or twice the amount, respectively, of uranium found in cultures from the 
control areas. 

Similarly, high uranium amounts were stored by several vegetables and herbs, 
whereas tubers (peeled potatoes), thick parts of stalks (onions) and fruits (cucumbers, 
apples, tomatoes and onions) did not differ in uranium content from those in control 
areas. Altogether, the uranium exposure due to the consumption of herbs, fruit and 
potatoes cultivated in back gardens is very limited compared with drinking water (Anke 
et al., 2000). 

The oxidation state of uranium did not change and remained hexavalent after it was 
taken up by the plants. Dandelions and lamb's lettuce showed speciation identical to 
lupine plants (Günther et al., 2003; Duquene et al., 2006). 
Table 4    Uranium contents in German mineral and medicinal waters (µg/L) (n = 252) 
 

 



 

 

 
BB, Brandenburg; BE, Berlin; BW, Baden-Württemberg; BY, Bavaria; HE, Hessen; MV, 
Mecklenburg-Western Pomerania; NI, Lower Saxony; NW, North-Rhine Westphalia; RP, 
Rhineland-Palatinate; SN, Saxony; ST, Saxony-Anhalt; SH, Schleswig Holstein; TH, Thuringia. 
aArithmetic mean.    bStandard deviation.     cSuitable for the preparation of baby food. 
3.4. The effect of plant age on the uranium content in the vegetation 

Same as in the case of other, but not all, macro, trace and ultra trace elements (K, Na, 
P, Fe, Mn, Zn, Cu, I, Mo, Ni), the uranium contents in lucerne, wheat and rape decrease 
significantly with increasing age (Anke et al., 1994). The uranium uptake of annual 



plant species is faster than the substance formation and was twice the amount at the 
beginning of May than in the middle of June in the species presented in Table 6. The 
assimilates apparently dilute the uranium content of plants with increasing age. 

Therefore, the time of harvesting has a highly significant effect on the uranium 
content in the green fodder for the fauna and in vegetables and herbs. Grasses, herbs and 
leguminous plants follow this trend homogeneously. Therefore, the uranium exposure 
of game in uranium-contaminated areas is particularly intensive in early spring. 
Generally, the plants concentrated more uranium in their tissues in the seedling stage 
than in the flowery stage (Laroche et al., 2005). 
3.5. Uranium contents of foodstuffs and beverages 

The specific uranium contents of most of the 116 foodstuffs investigated are 
presented in Tables 7, 8 and 9. All sugar-, starch-  and fat-rich foodstuffs like 
margarine, bee honey, pearl barley, semolina and vanilla blancmange (Table 7), cereal 
grains, seeds, cocoa, coffee, flour, wheat and rye bread, rolls, etc. are generally poor in 
uranium (0.8-1.9 µg/kg DM). Fruits, pulses, potatoes and some kinds of bread contain 
2-5.9 µg/kg DM. The uranium levels accumulated by all these foods are low in 
comparison to vegetables, spices and herbs. 

Fairly high uranium concentrations among vegetable foodstuffs were found in 
cauliflower, carrots, cucumber, white champignon and red peppers (7.5-19 µg U/kg 
DM) (Table 8). 
 
 
 
Table 5    Uranium contents of several wild and cultivated plants, vegetables and fruit 
from a control site and a uranium mining area in µg/kg dry matter (n = 374) 
 

 

 



Table 6    Effect of plant age on the uranium concentration in the vegetation in µg/kg dry 
matter (n = 72) 
 

 
a1995. 
bLeast significant difference. 
cMay 4 = 100%, June 14 = x%. 
Leaf-rich vegetables, herbs, sauerkraut, dill, parsley, lettuce and marjoram accumulate 
between 8 and > 40 µg U/kg DM. High uranium contents were also found in asparagus, 
which is consumed when very young. According to Table 8, uranium incorporation is 
highest in young plant parts. The youngest leaves of black tea can also accumulate very 
high uranium contents, which deliver much uranium to the beverage. The uranium 
contents of wild mushrooms vary with the site, its geological origin, and with species 
(Boletus and Xerocomus, Suillus, Macrolepiota rhacodes, Hypholoma capnoides) 
(Müller et al., 1997). 

Generally, animal foodstuffs deliver less uranium to human nutrition (Table 9) than 
do vegetable foods. 
Butter (0.7 ng U/kg DM), milk (1.1 - 1.9 µg U/kg DM) and milk-based baby formulas 
(1.3-3.1 µg U/kg DM) contain very small amounts of uranium. Pork, beef, chicken and 
mutton accumulate 1.5-3.1 µg U/kg DM. With 1.9-2.9 µg U/kg DM, sausages contain 
uranium amounts similar to those of the meat of farm animals. Contents are higher in 
the liver and kidneys of cattle (4.5 and 8.8 µg U/kg DM), but although both innards are 
ingredients of several kinds of sausages they do not increase their uranium content. This 
is due to the high fat content of sausages, which are poor in uranium. 

Fish (Table 9), on average, accumulate more uranium than does the meat of terrestrial 
animals (3.3-9.9 µg U/kg DM).  The difference is significant. 
River and ocean waters deliver relatively high uranium amounts to the bodies of fish. 

Cheese contains more uranium than the milk. This is because uranium is bound to the 
milk's casein, which forms the cheese (Seeber, 1999). Soft cheese spread gets its high 
uranium content partly from the sodium phosphate supplementation to substandard hard 
cheese before smelting. Astonishingly, hen's eggs also deliver relatively much uranium. 
It may get into the hen's food chain via phosphates and/or calcium carbonate. 
Table 5    Uranium contents of several wild and cultivated plants, vegetables and fruit 
from a control site and a uranium mining area in µg/kg dry matter (n = 374)  



 
Table 6    Effect of plant age on the uranium concentration in the vegetation in µg/kg dry 
matter (n = 72) 
 

 
a1995. 
bLeast significant difference. 
cMay 4 = 100%, June 14 = x%. 
Leaf-rich vegetables, herbs, sauerkraut, dill, parsley, lettuce and marjoram accumulate 
between 8 and > 40 µg U/kg DM. High uranium contents were also found in asparagus, 
which is consumed when very young. According to Table 8, uranium incorporation is 
highest in young plant parts. The youngest leaves of black tea can also accumulate very 
high uranium contents, which deliver much uranium to the beverage. The uranium 
contents of wild mushrooms vary with the site, its geological origin, and with species 
(Boletus and Xerocomus, Suillus, Macrolepiota rhacodes, Hypholoma capnoides) 
(Müller et al., 1997). 

Generally, animal foodstuffs deliver less uranium to human nutrition (Table 9) than 
do vegetable foods. 
Butter (0.7 ng U/kg DM), milk (1.1 - 1.9 µg U/kg DM) and milk-based baby formulas 
(1.3-3.1 µg U/kg DM) contain very small amounts of uranium. Pork, beef, chicken and 
mutton accumulate 1.5-3.1 µg U/kg DM. With 1.9-2.9 µg U/kg DM, sausages contain 
uranium amounts similar to those of the meat of farm animals. Contents are higher in 



the liver and kidneys of cattle (4.5 and 8.8 µg U/kg DM), but although both innards are 
ingredients of several kinds of sausages they do not increase their uranium content. This 
is due to the high fat content of sausages, which are poor in uranium. 

Fish (Table 9), on average, accumulate more uranium than does the meat of terrestrial 
animals (3.3-9.9 µg U/kg DM).  The difference is significant. 
River and ocean waters deliver relatively high uranium amounts to the bodies of fish. 

Cheese contains more uranium than the milk. This is because uranium is bound to the 
milk's casein, which forms the cheese (Seeber, 1999). Soft cheese spread gets its high 
uranium content partly from the sodium phosphate supplementation to substandard hard 
cheese before smelting. Astonishingly, hen's eggs also deliver relatively much uranium. 
It may get into the hen's food chain via phosphates and/or calcium carbonate. 
Table 7    Uranium contents of vegetable foodstuffs poor in uranium in µg/kg dry matter 
(DM) (n = 324) 

 
aDry matter.  
bArithmetic mean.  
cStandard deviation 
 



Table 8    Uranium contents of vegetable foodstuffs rich in uranium in µg/kg dry matter 
(DM) (n = 108) 

 
Table 9    Uranium contents of animal foodstuffs in µg/kg dry matter (DM) (n = 210) 

 
 
Table 10    The uranium content of several beverages in µg/L (n = 42) 

 
 



Table 11   Calculated uranium intakes from several foods and beverages (%) 

 
 

The uranium contents of traditional German beverages vary between 0.30 µg/L in 
beer and 1.3 µg/L in white wine (Table 10). 

The uranium content of the water used for the production of beer, lemonade and coke 
as well as for homemade tea or coffee is of decisive importance. 

The literature about the uranium content in foodstuffs is meagre. Souci et al. (2000) 
give no information about the uranium contents of foodstuffs. 

The calculation of the uranium intake of omnivores shows that the major share, viz. 
approximately >40%, is contributed by beverages (Table 11), with nonalcoholic 
beverages (tea, mineral water) dominating. Men get 7% of their uranium intake from 
beer. 

Vegetable foods supply 30% of the uranium intake, whereas animal foodstuffs and 
especially dairy products, meat and sausages contribute 25% (Seeber, 1999). 
 
3.6. Uranium intakes by adult omnivores in Germany and Mexico 

The mean human uranium intake in Germany was estimated from 12 test populations; 
three of the former GDR (1988) and nine after reunification of Germany (1992 and 
1996). The food consumed in the GDR usually came from local producers, whereas the 
supermarkets in reunited Germany offer foods from all over the world. The uranium 
intakes by Mexican omnivores were measured in rural areas in the surroundings of 
Guadelajara in 1996 (basalt and chalk regions) (Gonzales Aguilar, 2000). 

The macro-, trace and ultra trace element intake by man varies significantly with the 
individual dry matter consumption, sex, age, body weight, performance, time and 
habitat. For example, men, on average, eat 24% more food dry matter than do women 
(Anke, 2004b). 
 



Table 12    Uranium contents in the dry matter of duplicate samples (µg/kg dry matter) (n 
= 1218) 

 
a Significance level in one or multifactorial variance analyses.       b Women = 100%, men = x%. 
Table 13    Uranium contents of the dry matter of duplicate samples varying with the state 
in µg/kg dry matter (n = 1218) 

 
a Women = 100%, men = x%.          b Thuringia = 100%, Brandenburg = x%. 
Under these conditions, the uranium concentrations of the consumed food dry matter 
consumed eliminate the individual influences of sex, age, body weight and performance, 
and demonstrate local conditions (Table 12). 
Irrespective of all these facts, the test persons from Jena (at both test times) and 
Steudnitz, a village near Jena, consumed the uranium-richest food dry matter 
(Muschelkalk, Buntsandstein areas). Women and men of Wolfersdorf and Gauern, two 
villages in the surroundings of the uranium mining site of Ronneburg-Seelingstadt 
(Rotliegende), who harvest and consume their self-produced vegetables and fruits, took 
in 10 and 6 µg U/day on the average of a week. This uranium content in the food dry 
matter is lower than that consumed in Jena and Steudnitz and somewhat higher than in 
Bad Liebenstein and Bad Langensalza (Keuper weathering soils of Thuringia). This 
result is caused by very different mechanism, which influences the bioavailability of 
uranium in the uranium dumps (Kothe et al., 2005; Carlsson and Blichel, 2005; Neagoe 
et al., 2005). 
The test populations of Chemnitz (Saxony, Rotliegende) and Freiberg (Saxony, gneiss) 
consumed significantly lower uranium amounts (Tables 12 and 13). Women and men of 
Mecklenburg-Western Pomerania (Greifswald) and Brandenburg (Vetschau, 
Wusterhausen, Boulder clay, Pleistocene sands) consumed the lowest uranium amounts 



with the dry matter of their food. Irrespective of the time and eating habits (GDR, 
Germany), the test persons of Jena took in a uranium-rich diet, whereas the people of 
Wusterhausen (Pleistocene sands) consumed dry matter significantly poorer in uranium, 
which demonstrates the influence of the local uranium offer. 
Table 14    Uranium concentrations of food and beverage dry matter taken in by adult 
omnivorous Germans and Mexicans, varying with time and sex in µg/kg dry matter  
(n = 1414) 

 
a Women = 100%, men = x%. 
b 1988 Germany = 100%, 1996 Germany = x%. 
c 1996 Germany = 100%, Mexico = x%. 

The uranium concentrations of the dry matter consumed by the omnivores from 
Thuringia, Saxony, Brandenburg and Mecklenburg-Western Pomerania are shown in 
Table 13. 

Omnivores living in the ice age formations (Pleistocene sands, boulder clay) 
consumed food dry matter with but a third of the uranium amount in the food dry matter 
consumed by Thuringians. 

Furthermore, Table 11 demonstrates the trend that men prefer uranium-poorer animal 
foodstuffs. The dry matter consumed by them is, on average, 10% poorer in uranium 
than that consumed by women. 

Although a significant influence of the local (geological) uranium offer is observed, 
the uranium intake by women and men in relation to the time of observation is shown in 
Table 14. 

German omnivorous women actually took in significantly more uranium with their 
food dry matter than German men, whereas there were no sex-specific differences with 
regard to uranium consumed in Mexico. On average, omnivorous Mexicans took in dry 
matter 10-30% poorer in uranium than Germans in 1996. 

Although time also affected the uranium concentration of the dry matter consumed, it 
is mainly varied by regional influences. 
In spite of the purchase of food in supermarkets with a supraregional offer of goods, the 
living area affected the uranium intake highly significantly via the drinking water. Due 
to the modest uranium content in tap water, the uranium offer in the former uranium 
mining and uranium processing areas near Ronneburg corresponds to the intake typical 
of Thuringia in general. Local drinking   water   from   this   living   area   can   contain 
considerable uranium amounts (Seeber et al., 1998; Anke et al., 2002, 2003). 



The age and weight of the test persons as well as the season affect the uranium intake 
of omnivores to a limited, but significant extent. The uranium intake rises with 
increasing age and weight; more uranium is taken in summer than in winter (Anke et al., 
2004a). 

The mean uranium intake of 12 test populations from Germany varies with time and 
sex (Table 15), but also significantly with living areas (Figs. 1 and 2). Therefore, it only 
reflects the tendency of the increase from 1988/1992 to 1996. On the other hand, it 
shows that the uranium intake by omnivores of Thuringia differ from that of Saxony 
and Brandenburg/Mecklenburg Western Pomerania. The uranium intakes by Italians 
(Galletti et al., 5003), Ukrainians (Ko et al., 2005) and Pakistanis (Akhter et al., 2003) 
were about equal or lower than those in Germany, GDR and Mexico. 

Astonishingly, there was no difference between the uranium intakes by men and 
women, although men, on average, consumed 24% more dry matter (Anke et al., 1997). 
Women apparently prefer uranium-richer groups of foodstuffs than men. The uranium 
of the dry matter consumed is a better indicator of the sex-specific uranium intake, 
because it excludes the varying influence of individual dry matter consumptions (Anke, 
2004b). 
3.7. Excretion, apparent absorption rate and balance of uranium in man 
Uranium balances were drawn up for two test populations from Jena and the uranium-
exposed area near Ronneburg (Table 16). Both sexes from the two sites excreted 9% of 
the uranium renally and 91% faecally. The uranium budget was balanced, with -2.4% in 
women and - 3.2% in men (Anke et al., 2004b). Uranium is apparently not accumulated 
in the body as it is the case with other elements (e.g., Cd). The negative uranium 
balance can be caused by respiratory air and tobacco smoke (Fisenne et al., 1994; 
Igarashi et al., 1989). 

The renal uranium excretion of man in Thuringia is higher than in Japan (Tolamchev 
et al., 2006) and France (Bouvier-Capely et al., 2003) and approaches that of Jordan 
(Al-Jundi et al., 2004). 

Compared to findings in animal experiments, the apparent uranium absorption was 
astonishingly as high as about 6% in both sexes. No previous investigations in humans 
have been reported. Much lower absorption rates were registered in animal experiments 
(Sullivan, 1980; Harrison and Strather, 1981; Tracy et al., 1992). They are certainly 
caused by considerable uranium offers in mg/kg body weight. The same uranium 
amounts were also used in experiments with rats (Tolson et al., 2005; Arruda-Neto et 
al., 2004; Sanchez et al., 2006; Linares et al., 2005; Belles et al., 2005). This 
concentration of uranium is not found in practice. 
 



Table 15    Uranium intakes by adult Germans and Mexicans varying with time and sex 
in µg/day (n = 1414) 

 
a Women = 100%, men = x%. 
b 1988 Germany = 100%, 1996 Germany = x%. 
c 1996 Germany = 100%, Mexico = x%. 

 
 
Fig. 1 Distribution of uranium intake of women in Germany 
 
4. Discussion 
The uranium transfer to the food chain of humans is significantly affected by the 
geological origin of the soils and the groundwater basin as well as the living area of the 
flora and the drinking water reservoir. In accordance with its occurrence in the soil, 
uranium gets into the flora and is comprehensively stored in young plants. The uranium 
content/kg dry matter is diluted by assimilates with increasing age. Compared to 
vegetable foods, animal foodstuffs contribute less uranium to human nutrition, although 
hen's eggs, kidneys and livers can accumulate relatively much uranium. 
On average, the uranium intake of omnivorous Germans and Mexicans amounted to 
about 2 µg/day between 1988 and 1996. It is determined by regional (geological) 



influences, primarily the uranium content in drinking water. The test populations living 
on the diluvial soils of Mecklenburg and Brandenburg consumed dry matter that 
contained only one third of the uranium amount ingested in Thuringia. 

 
Fig. 2 Distribution of uranium intake of men in Germany. 

 
 
Table 16   Excretion, apparent absorption and balance of uranium in omnivorous adults 
(n = 476) 

 
a Omen = 100%, men = x%. 

   b (Intake—faecal excretion x 100)/Intake 
 
The uranium intake in Ronneburg, an area with abundant uranium occurrence in the 
environment, was in accordance with that in Thuringian regions without anthropogenic 
uranium exposure, i.e. the uranium content in the drinking water available there was 
low. 



In omnivores, most of the uranium (about 40%) is taken in via beverages, mainly soft 
drinks. In omnivores of both sexes, about 16% of the uranium consumed with the daily 
ration is taken in via bread, cake and pastries, 16% (women) and 14% (men) via fruit, 
vegetables and potatoes, 8% (women) and 12% (men) via meat, sausage and fish, and 
12% via milk and cheese. 

Soft drinks are the main uranium suppliers of omnivores, and they are responsible for 
the regional (geologically caused) differences in uranium intake. The uranium content 
of drinking water, particularly in the former areas with uranium mining and processing 
in Saxony, Bohemia and Thuringia (Ore Mountains, Vogtland) should be subjected to 
permanent checks which should also include other granite areas. An increased risk 
exists only for babies fed on commercial baby food prepared with uranium-rich mineral 
waters. 

The uranium content of babies' and children's commercial food not prepared with 
uranium-rich water is fortunately low. However, the uranium intake can be considerably 
increased by the use of some uranium-rich mineral waters that are particularly 
recommended for the preparation of baby food. Thus, the uranium-richest mineral water 
suitable for the preparation of baby food contains 11.2 µg U/L. Baby food produced 
with it contains 9.5 µg U/L, i.e. 50 times the uranium content of cows or mother's milk 
(Iyengar, 1982). Experiments with animals showed that the gastro-intestinal uranium 
absorption of new-borns is much higher than that of adults (Sullivan, 1980; Sullivan and 
Gorham, 1982). This potential risk needs experimental clarification. 

The highest uranium intake in a test person in Germany found among 1414 duplicates 
amounted to 17.9 µg/day or 250 ng/kg body weight/day. According to the 
nephrotoxicity of uranium, Wrenn et al. (1985) recommend a limitation of the uranium 
intake of humans to 187 µg/day or 2.6 µg/kg body weight and day. This value is 10 
times higher than the highest uranium intake found in the duplicates. According to the 
present level of knowledge, a uranium-induced health risk can be excluded in 
omnivorous adults. 

Throughout the world, there are no obligatory limit values for the uranium content in 
drinking and mineral waters, whose uranium contents vary extremely (Fisenne, 1994). 
Drinking water may contain 20 µg U/L in Canada (Anonymous, 1978 and 1980) and  
8 µg U/L in the USA (Anonymous, 1991). An increase to > 20 µg U/L is assumed to 
intensify the risk of cancer (Anonymous, 1991). The clarification of this problem seems 
necessary, also under the aspect of babies fed commercial baby food, who might absorb 
more uranium than adults. 

The WHO proposed 2 µg U (Anonymous, 1998), and the US Environmental 
Protection Agency (USEPA) 30 µg (Anonymous, 2001) per liter of drinking water. Safe 
concentrations of uranium in the drinking water may be in the range of 2 -3 0 µg U/L 
(Kurttio et al., 2002, 2005). 
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